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ABSTRACT 

The permeabili t ies of selected adhesives to gaseous and liquid 
hydrogen were  determined experimentally. 
exposure to liquid hydrogen suggests that for  the nonfilleting adhesives 
bond integrity ra ther  than permeability considerations will limit the 
utility of adhesive bonds for liquid hydrogen applications. Permeabi l i -  
t i es  for the filleting adhesives a r e  several  o rde r s  of magnitude higher 
and tend to preclude their use  for such applications. 
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TECHNICAL MEMORANDUM X-53066 

PERMEATION OF ADHESIVELY BONDED JOINTS 
BY GASEOUS AND LIQUID HYDROGEN 

SUMMARY 

The permeabilities of selected adhesives to gaseous and liquid 
hydrogen were  determined experimentally. 
exposure to  liquid hydrogen suggests that for the nonfilleting adhesives 
bond integrity rather than permeability considerations will limit the 
utility of adhesive bonds for liquid hydrogen applications. Permeabi l i -  
t i e s  for the filleting adhesives a r e  several  o rde r s  of magnitude higher 
and tend to  preclude their  use for such applications. 

Frequent  rupture on 

INTRODUCTION 

The capability of adhesively bonded joints to seal  the buikhead 
f r o m  permeation by hydrogen i s  of great  importance in repair  pro-  
cedures for the hydrogen/oxygen common bulkheads of the Saturn s-IV,  
S-IVB, and S-11 stages. 
consideration as a contingency method for fabrication of the ent i re  
bulkhead. 

Such a sealing technique also lends itself to  

This repor t  presents  the results of a two-part p rog ram to measu re  
quantitatively hydrogen permeation through adhesively bonded joints. 
The f i r s t  pa r t  consisted of a study of gaseous hydrogen permeation at 
room temperature.  The objectives of this pa r t  of the study were  two- 
fold: to provide inter im information for the Saturn program pending 
completion of the liquid phase experiments and to  obtain data on which 
to base the design of the liquid phase experiments.  The second pa r t  
consisted of a study of liquid hydrogen (LHz ) permeation; the objective 
was to qualify adhesives for LHz applications. 



GAS-PHASE STUDIES 

Experimental 

The specimens (FIG 1)  consisted of annular plates, having outside 
diameters  of 6 inches and inside d iameters  ranging f r o m  0. 5 to 3 
inches, onto which were  bonded 3 .  5-inch diameter  discs;  this provided 
bonded overlaps of 1. 5 ,  1, 0. 7 5 ,  and 0. 25 inch, respectively. 
Per iphera l  holes were provided for mounting in the flange fixture 
(FIG 2 )  used for permeation measurements .  

F o r  consistency with proposed vehicle applications, 2014-T6 
aluminum (. 063 inch) was used as the metal f o r  all tes ts .  
l i terature  values for aluminum and alloy permeabili t ies a r e  not 
uniform, permeation through the aluminum portions of the tes t  speci-  
mens was  expected to  be negligible when compared with that through 
the bonds; this was confirmed by permeability determinations on solid 
aluminum plates. 

Although 

F o r  prebond cleaning, the metal  surfaces  were  degreased and then 
immersed  for 20 minutes in a 150-160'F bath of 1 pa r t  (by weight) 
sodium dichromate, 3 par t s  concentrated sulfuric acid, and 9 pa r t s  
distilled water.  
water and dried before bonding. 
details such a s  curing conditions a r e  l isted in Table I. 

All surfaces  then were rinsed thoroughly in distilled 
The adhesives used and pertinent 

All specimens were  qualitatively checked for  bond integrity using 
a helium m a s s  spectrometer leak detector and then were  conditioned 
for at leas t  1 2  hours a t  a p re s su re  l e s s  than 
made a t  the prevailing laboratory temperatures  which var ied f r o m  
approximately 2 3 O  t o  28OC. 

Tor r .  Runs were  

Three  methods of flow measurement  were  employed: (1) hydrogen 
permeation using a CEC Model 620 mass spectrometer ,  (2 )  helium 
permeation using the Veeco MS-9ABC helium mass spectrometer 
leak detector,  and ( 3 )  helium permeation using the Major Model A-6 
p r e s s u r e  r i s e  volumetric permeation instrument. All specimens 
were  run  by each of the three methods, but some exhibited too rapid a 
flow for  detection on the Veeco instrument, and others were  too 
impermeable  to yield significant resul ts  on the Major system. 
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Two modes of operation were required on the mass  spectrometer,  
depending upon the volumetric rate of flow for the specimen being 
tested: 

a.  Accumulation of gas  permeating over a t imed interval was 
required fo r  those specimens passing the l ea s t  amount of hydrogen. 

b. Ordinary m a s s  spectrometric analysis was not possible for 
the specimens of greatest  permeability; for those specimens,  flow 
ra t e s  were  estimated from the rate of p re s su re  r i s e  in the accumula- 
tion chamber of the spectrometer. 

In general, the experimental arrangement  was a s  shown in FIG 3. 
The permeating gas was passed over the ups t ream face of the speci- 
men a t  a pressure  not more  than 0. 5 centimeter of water greater  than 
atmospheric. The permeating gas passed into a chamber of relatively 
ze ro  pressure  which was connected to  the m a s s  spectrometer f o r  
quantitative rate rzeasurement.  It should be noted that, even for those 
runs where accumulation or pressure  r i s e  was employed, the down- 
s t r eam pressure  did not r i s e  to more  than 0.1 percent of the p re s su re  
ups t ream of the adhesive bond. Therefore,  all  p re s su re  drops were  
taken as equal to  observed barometric pressure .  

Except for very permeable specimens requiring p res su re - r i s e  
measurement ,  all samples  were exposed to  the experimental  conditions 
for  a t  l ea s t  one hour before rate measurement.  
w e r e  made a t  selected intervals until a constant ra te  was attained. 
In no case was more  than 15 hours required for disappearance of 
t ransient  behavior. 

Determinations then 

Safety precautions included elimination of leaks f rom the ups t ream 
hydrogen chamber,  careful minimizing of the hydrogen flow (which 
was vented outside the building), and constant monitoring of the labora-  
tory atmosphere for ambient hydrogen. 

The resul ts  a r e  given in Table 11 and presented graphically in 
FIG 4 through 7 .  Figures  4 and 6 present  the data in t e r m s  of measured  
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flow ra tes ,  and FIG 5 and 7 present the sa-me data af ter  reduction to 
permeability units, SPU. :: 

As indicated in the figures, several  of the HT-424u and Aerobond 
430 data points represent  flows in excess of the measurable  l imit  so 
the ranges shown for those adhesives should be regarded as the lower 
end of the true spectra.  

Discussion of Gas Phase  Results 

Experimental e r r o r s  in the determination of the flow ra t e s  for any 
given specimen a r e  thought to be small; thus, p re s su re  measurements  
should not contribute e r r o r s  in excess of 1 percent. Physical speci- 
men measurements could contribute e r r o r s  up to 20 percent because 
of the non-uniformity of the bond thickness, but multiple determinations 
were  made and averaged which probably reduced the e r r o r  to l e s s  than 
7 percent. Mass spectrometer e r r o r s  should not exceed 10 percent;  
however, for those samples requiring p res su re  r i s e  measurements,  
e r r o r s  of up to 20 percent a r e  probable. 
bility of the determinations would be expected to amount to roughly 30 
percent. 
resu l t s  (Table 11) for  specimens for which duplicate determinations 
were  made. Of the 14 pa i rs  of resul ts ,  deviations of the individual 
values f rom the average values exceeded 30 percent in only 3 instances, 
and 2 of these probably were  the resul t  of damage to the adhesive bonds 
because of repeated handling between determinations. (In all cases ,  the 
re runs  were  made a t  l eas t  90  days after the original measurement.  ) 

Therefore,  the overall var ia-  

Support for  this estimate is provided by hydrogen permeability 

The estimated 30 percent variability associated with the permeability 
measurements may be compared with the much la rger  variability noted 
for  permeability of duplicate specimens. Thus, inspection of the resul ts  
for  the individual specimens of each adhesive indicates that the ratios 
of highest to lowest hydrogen permeability values ranged f rom a factor 
of approximately 4 for Narmco A to several  o rde r s  of magnitude for 
the other adhesives. 
These wide variations reflect basic differences in the permeabili t ies of 

Similar resul ts  were noted for helium permeabilities. 

:: One permeability unit (SPU) is defined a s  the number of cubic centi- 
me te r s  of a gas a t  STP (O"C, 1 atma) passing through one square 
centimeter of mater ia l ,  one centimeter thick, under a p re s su re  
gradient of one centimeter Hg (10 Tor r ) ,  in one second. Thus, the 
equivalent units a re :  1 SPU = 1 cm3 (STP) - sec-1 .  c m  . cm-2.  
( c m H g A P ) -  1 . 
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duplicate specimens f r o m  a single adhesive. 
are inherent in adhesively bonded joiiits or  whether they indicate a 
need for better quality control has not been established. 

Whether such differences 

Narmco A exhibited the lowest hydrogen permeability of the 
adhesives tested. Thus, the initial values for all specimens were  
in the 
scat ter  as indicated above. 

SPU range. This adhesive also exhibited the lowest data 

Hydrogen permeabilities for the other three nonfilleting adhesives 
w e r e  similar with values generally falling in the 
However, the data scat ter  for these adhesives was  much la rger  and 
increased in the order FM-1000 < Narmco C < BR-92. 

SPU range. 

Hydrogen permeabilities for the filleting adhesives were  several  
o rde r s  of magnitude greater  than those for  the nonfilleting adhesives. 
Values for X-424 and HT-424 were in the 
A ~ e r a g e  values for HT-424u and Aerobond 430 were  not determined 
precisely because some of the flow ra tes  exceeded the l imits  of de- 
tection; however, they were greater than SPU. 

to SPU range. 

Inspection of the flow ra tes  and permeabili t ies for helium indicates 
t rends which a r e  very similar to those determined for hydrogen. 
Collectively, the resu l t s  indicate marked differences in the permeabili-  
t i es  of the filleting and nonfilleting adhesives. 
studies on a number of polymeric mater ia ls  i n  this laboratory suggest 
that permeabili t ies for the adhesives without mechanical flaws should 
be in the range of Departure of observed values 
f r o m  these expected baseline levels indicates s t ructural  problems of 
a n  unknown nature; conversely, clustering of the lower values for the 
nonfilleting adhesives tends to confirm the existence of such baseline 
pe r  meability minima. 

Results of 'previous 

to  10-l' SPU. 

An -attempt was made to obtain additional information regarding 
the nature and extent of mechanical leaks by inspection of broken 
adhesive bonds. FIG 8 shows broken bonds for six adhesives. 
As  expected, the appearance of the nonfilleting adhesive surfaces  is 
smoother in texture than that of the filleting adhesives which normally 
a r e  used with sc r im cloth. However, even the nonfilleting adhesive 
surfaces  generally a r e  nonuniform, and, in par t icular ,  the surface 
of FM-1000 exhibits a distinct pattern of oblong holes which a r e  
probably caused by bubbles formed during the curing process .  
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Examination of FIG 4 through 7 reveals a t rend toward greater  
flow and greater permeability with increasing adhesive overlap length, 
a resul t  contrary to that expected. 
trend is not immediately evident. Thus, there  is no apparent reason 
why the larger  bond overlaps should be generally more  susceptible to 
mechanical leakage for both the filleting and nonfilleting adhesives. 
Studies of the size distribution and orientation of discontinuities within 
adhesive bonds a s  a function of overlap would be of interest  in this 
connection. 

The physical significance of this 

To determine i f  the relatively high permeabili t ies of the filleting 
adhesives were due to the use of a fiberglass s c r i m  cloth, a se t  of 
HT-424 specimens were  prepared without the s c r i m  cloth. 
permeabilities of these specimens (designated H T - 4 2 4 ~ )  
higher than those for  the same adhesive with the s c r i m  cloth. There-  
fore,  i t  appears that the high permeabilities for the filleting adhesives 
must be due to the nature of the adhesives themselves ra ther  than to 
channeling of gas along the f ibers  of the glass cloth. 

The 
were  generally 

Attempts were made to correlate  bond thicknesses with flow rates  
and permeabilities for each adhesive. 
lations were noted for specific adhesives, the data scatter was large,  
and the trends var ied f rom one adhesive to another. Therefore,  it is 
concluded that, although bond thickness may influence the permeability 
of a particular adhesive, the relation between these variables is obscure, 
and no overall correlation of the data i s  possible. 

Although some apparent co r re -  

LIQUID -PHASE STUDIES 

Experimental 

The objective of this phase of the study was to qualify adhesives 
Therefore,  only for u se  in contact with LH, for bulkhead patching. 

adhesives exhibiting good strength at cryogenic temperatures  were 
studied. 

Several  methods for determining the permeation of LH, through 
adhesives were considered. The permeation r a t e  determined f rom 
the patch specimens for the nonfilleting adhesives was so low that it 
was desirable to use some method in which the adhesive a r e a  could 
be greatly increased to obtain more  meaningful data. 
accomplished by making permeation cells of multiple layers  of adhesive 

This was 
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and f la t  aluminum rings (3-1/2 inches I. D. x 6 inches 0. D. x ,064 
inch thick). 
and were  fitted with a bottom and a top to  fo rm a closed cell 74 l aye r s  
in height. The resulting effective bond line length of approximately 
90 feet yields a resul t  which i s  statistically more  significant in re- 
lation to  bulkhead fabrication than a single bond such a s  in the patch 
specimens. 
it so the cell could be continuously evacuated (FIG 9)*. 
spectrometer  helium leak detector was modified to detect and record  
permeating hydrogen. 
hydrogen detector through 3 / 4-inch tubulation containing the necessary 
valves (FIG 10). 
detector was high, which was thought to be caused by inadequate cold 
trapping over the oil diffusion pump. 
variable, a valve was placed in the tubulation a s  close to the cell 
as possible to  obtain a t rue  permeation ra te  for the cell. 
t es t  run, this valve was opened and closed several  t imes to  determine 
the portion of ths t ~ t d  ra te  which ~ 2 5  due to  permeation into the cell. 

The rings were bonded to  each other with the t e s t  adhesive 

The top of the cell had a 3/4-inch 0. D. tube welded to  
A Veeco m a s s  

The permeation cell was connected to the 

The hydrogen background for the modified leak 

Because this background was 

During a 

A facility designed for hazardous experiments was used for all 
LH, testing. The instrumentation was housed inside the s t ructure ,  
which had a 3/8-inch thick steel wall; the cryostat  and storage dewars  
were  located outside (FIG 11 and 12). The cryostat  was a completely 
sealed container except for a line that provided venting to the a i r ,  ten 
feet  above ground. 
were  remotely operated when LH, was used. Precautions were  taken 
to exclude hydrogen gas f rom reaching any par t  of the leak detector 
except through the vacuum tubulation. 
valve-closing feature which isolated the permeation cell when the cell  
p re s su re  rose  above 3 x Torr .  Other major i tems of equipment 
of an auxiliary nature were  100-liter LN, and LH, dewars,  a liquid 
cryogen level-controlling recorder,  and a 0-10 millivolt recorder  
for recording leak detector output. 

The equipment was arranged so that all controls 

The instrument had a n  automatic 

Each cell was leak checked with helium at room temperature  and 
again while cold (immediately after being removed f rom a LNL bath) 
to find mechanical leaks around welds and any obvious leaks in the 

+ During fabrication, the cell tops were  installed las t ;  then the pump- 
out tubulation was welded to the tops. 
of stainless steel  for ease in welding; however, the mater ia l  was changed 
to  2014-T6 aluminum 
on the BR-92 cells, probably because of the difference in  expansion of 
the mater ia ls  and the brit t le nature of the adhesive. 

The tops were  originally made 

alloy after several  tops popped off during welding 
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adhesive bonds. After sealing all leaks,  the permeability to gaseous 
hydrogen was determined at  ambient temperature  for most  of the cells.':' 
This was accomplished by enclosing the cell  in  a container (FIG 13), 
outgassing the cell  and container for about 24 hours in a vacuum, and 
then filling the enclosing container with hydrogen gas. After the cell 
had come to equilibrium, the hydrogen permeation ra te  was determined 
by opening and closing the cell  valve a s  described above. Gaseous 
hydrogen permeabilities a r e  summarized in Table IU. 

Permeation of liquid hydrogen was determined in much the same  
manner a s  for gaseous hydrogen except that the enclosing container 
was much more elaborate. F o r  these tes ts ,  the permeation cell  was 
placed into a triple-walled cryostat  and evacuated until the background 
became reasonably constant, usually 16-18 hours or overnight. The 
cryostat  and cell were then precooled with LN,, and the cell  background 
was determined. The LN, precoolant was removed, and the cryostat  
was filled with LH, to a level sufficient to cover the cell. 
level was controlled with a copper -constantan thermocouple connected 
through a controlling recorder  to a cryogenic solenoid valve. Hydro- 
gen permeation into the cell was determined a s  before by manipulation 
of the valve in  the cell  tubulation. 

The LH, 

The hydrogen detector was recalibrated periodically by using a 
previously-calibrated hydrogen source which was placed in  the system 
tubulation a s  close to the cell a s  possible to simulate hydrogen originat- 
ing in the cell. 
l e s s  sensitive to hydrogen while the cell  was immersed  in LH,, probably 
because of cryopumping of extraneous gases  in the cell  and trapping of 
some hydrogen by the cryopumped gases. 
was not closed off f rom the system during calibration; instead, the 
calibration rate was determined by noting the difference in r a t e s  with 
and without the standard hydrogen source connected to the system. 

During calibration, the detector appeared to be slightly 

For  this reason, the cell  

The results a r e  included in Table III. Inspection of the data 
indicates that all hydrogen flow rates  were either above the maximum 
(1.8 x 
of the detectable hydrogen range of the modified leak detector. 
fore ,  all permeability values in the table were  calculated f rom these 
minimum and maximum detectable flow ra tes  and the total adhesive 
thickness of the individual cells.  

cc STP/ sec )  or below the minimum (4 .5  x cc  STP/ sec )  
There-  

'F Some of the cells were  not complete when the hydrogen detector 
was moved to the LH, tes t  facility; GH, permeability determinations 
were  not made on these cells before LH, testing. 
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Exposure t imes in LN, and LH, a r e  given in FIG 14 and 15. 

After completion of LH, testing, those cells which remained in- 
tact  were  again checked with gaseous hydrogen. 
included in Table III. 

The resu l t s  a r e  

Ruptured cells were  leak checked with helium to determine where 
No significant outward change in the cells was the rupture occurred. 

noted. 
1000-1 or  Narmco C-2 or -3 cells at room temperature.  The Narmco 
C-1 cell leaked at the bond between the top and the cell. 
had a s ta inless  steel  top which was attached before fabrication trouble 
was experienced with BR-92 cells. 
suffered multiple fracturing under cold shock, resulting in g r o s s  
leakage through the cell walls at numerous locations. 

Helium leak checking showed no detectable leak in the FM- 

This cell 

BR-92 cells appeared to have 

No attempt was made to conduct LH, permeation studies on the 
fiiieting adhesives because zf the high permeabili t ies found during 
the gaseous studies on single bonds. Flow rates  for cells using 
these adhesives would be expected to exceed the upper limit of hydrogen 
detection on the Veeco leak detector. However, liquid nitrogen 
permeat ion ra tes  for cells using these adhesives were  determined 
by p r e s s u r e - r i s e  experiments in liquid nitrogen by evacuating the cells 
while immersed  and recording the p r e s s u r e  r i s e  after valving off the 
vacuum pump. 
level,  permit ted calculation of the LN, permeability values shown in 
Table IV. 

Rate of p re s su re  change, at a given t ime and p r e s s u r e  

Discussion of Liauid Phase  Results 

All adhesives tes ted had an  initial LH, permeation ra te  lower 
than that detectable by the modified leak detector. However, many 
of the cells appeared to rupture shortly after immers ion  in  LH,, 
whereupon the hydrogen flow rates  increased to values in excess  of the 
upper limit of quantitative measurement.  
similar in character  but varied in apparent magnitude and in the length 
of t ime in LH, before occurring. 
satisfactorily in LH,, and the hydrogen flow ra te  would stabilize; then, 
abruptly, the hydrogen indicator would go full scale,  and the p r e s s u r e  
gauge would show an  increase that usually was enough to  cause  the 
leak detector to automatically close itself off f rom the cell. 

These ruptures  were  all 

A typical cell would appear t o  cool 

This 



-6 would require a p res su re  increase f r o m  10 
mately 3 x 10-4  T o r r  (measured at the mass spectrometer) .  P r e s s u r e  
measurement on the cell  side of the automatic valve (FIG 12) generally 
showed an increase to above 1 , 0 0 0  microns,  and, in some cases, the 
p re s su re  r i se  was rapid enough to cause gurgling of the. mechanical 
vacuum pump before the automatic valve could close. In a few of the 
less  severe cases ,  continuous pumping of the cell  with an auxiliary 
5 cfm pump after the rupture would allow a vacuum of between 150 
and 1 , 0 0 0  microns to be maintained. The flow of hydrogen into t'he 
auxiliary pump was evident f rom the pump noise which was of higher 
pitch than that usually noted for a i r .  During this rough-pumping, the 
automatic valve remained closed, precluding quantitative measurement  
of hydrogen. 

T o r r  or  lower to approxi- 

The behavior of the second run on the Narmco C-2 cell  deserves  
special mention. The precool was begun a t  9:30 a .  m. 
was  insufficient LN2 available to  complete the precool cycle,  the 
LHZ f i l l  was s tar ted a t  11:20, and complete cooling was attained. The 
run  appeared normal until 12:32 p. m. when the p r e s s u r e  rose  abruptly 
to  above 100 microns,  causing the instrument to  automatically close 
the tubulation to  the cell. 
pump to about two microns and recoupled to  the instrument. 
minutes la ter ,  the p re s su re  had dropped to  the Tor r  range 
(measured at the mass spectrometer) ,  and the hydrogen level was  with- 
i n  the detectable range. 
hydrogen flow ra te  and the p re s su re  began to  r i s e  at an increasing 
rate. By 1:03 p. m. the cell appeared to  have ruptured, the cell 
p r e s s u r e  increasing to  150 microns. By rough-pumping the cell ,  it 
was  again possible to reconnect i t  to the instrument measurement  system. 
This cyclic behavior was continued through 5 cycles a t  about 15-minute 
intervals before terminating the test .  Although the reason for  this 
unusual behavior has not been established definitely, resu l t s  of previous 
investigations have indicated that liquid hydrogen permeating small 
leaks into an evacuated sys tem will undergo evaporative freezing. 
Under these conditions, resulting solid hydrogen may f o r m  a plug 
sealing the leak temporarily until sufficient heat t ransfer  takes place 
to  mel t  the plug. Then, the cycle will be repeated. 

Because there  

The cell was  rough-pumped with the auxiliary 
Thirteen 

In the following seven minutes, both the 

Only 4 of the 12  cells using the nonfilleting adhesives survived the 

Permeabi l i t ies  fo r  these 
repeated exposures to LH2 and LNZ without rupturing. 
two cells each for Narmco A and FM-1000. 

These included 
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cel ls  were  consistently below 10-9 SPU. Similarly, low permeability 
values were  determined for the other cells with nonfilleting addhesives 
until rupture of the cel ls  occurred on prolonged or  repeated exposure 
to cryogenic temperatures.  Whether ruptu&g of adhesive bonds 
at liquid hydrogen temperatures  is characterist ic of the particular 
adhesives tested has  not been determined. Certainly, control of 
temperature  and p res su re  during bonding and also of the resulting 
bond thickness was unusually difficult for the multi-layered specimens. 
Fur ther  studies of this type using a single bond line are needed. 

Liquid nitrogen per  meabilities for  cel ls  with filleting adhesives 
were  several  o rde r s  of magnitude greater  than the permeabili t ies 
for  cel ls  using the nonfilleting adhesives. 
with resul ts  of gaseous permeabilities for  the patch specimens. 

This finding is consistent 

SUMMARY AND CONCLUSIONS 

The permeabiiities or' selected adhesives tc gasenus and liquid 
hydrogen were  determined experimentally. 
exposure to liquid hydrogen suggests that for  the nonfilleting adhesives 
bond integrity ra ther  than permeability considerations per  se will 
limit the utility of adhesive bonds for bulkhead fabrication and repair .  
Permeabi l i t ies  for  the filleting adhesives a r e  several  o rde r s  of 
magnitude higher and tend to preclude their  use for such applications. 

Frequent rupture on 

F o r  the configurations and exposure t imes used in  this investiga- 
tion, Narmco A appeared most satisfactory; however, FM-1000 gave 
similar resul ts  except that the gaseous permeabilities were  slightly 
higher. 

Attempts to analyze the data in  t e r m s  of flow mechanisms and 
physical parameters  were  generally unsuccessful and indicated the 
need for additional work in this a rea .  

11 I 



FIGURE 1. DETAILS OF PATCH SPECIMENS 
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FIGURE 9 .  LH2 PERMEATION SPECIMEN 
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FIGURE 11. HYDROGEN DETECTOR 
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FIGURE 12. LH2 AND LN2 DEWARS 
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FIGURE 13. LH2 PERMEATION SPECIMEN AND CONTAINER 
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TABLE I1 

DATA FOR GAS PERMEABILITY SPECIMENS 

Adhesive1 
Sample 

Narmco AI1 
2 
3 
4 
5 
b 
7 
8 

PM-10001 1 
2 
3 
4 
5 
b 
7 
8 

Narmco C l l  

BR-921 

x-4241 

HT - 424 I 

2 
3 
4 
5 
b 
7 
8 
9 

I 
2 
1 
4 
5 
6 
7 
8 

I 
2 
3 
4 

1 
2 
3 
4 
5 
b 
7 
8 
9 

H T - 4 2 4 ~ 1  1 
2 
3 
4 
5 
b 
7 
8 

Aerobond 
4301 I 

2 
3 
4 
5 
b 
7 
8 
9 
IO 

Hole Dia- 
meter, Inches 

0 . 5  
0 . 5  
I .  5 
I .  5 
2 . 0  
2 . 0  
3.0 
1 . 0  

0 . 5  
0 . 5  
I .  5 
I .  5 
2 . 0  
2 . 0  
3 .0  
3.0 

0 . 5  
0 . 5  
0 . 5  
I.  5 
1. 5 
2 . 0  
2 . 0  
3 .0  
3.0 

0 . 5  
0 . 5  
I .  5 
1. 5 
2 . 0  
2.0 
3.0 
3.0 

0 . 5  
I.  5 
2 . 0  
3.,0 

0 . 5  
U. 5 
0 . 5  
I. 5 
1.5 
2.0 
2.0  
3.0 
3.0 

0.5 
0 . 5  
I. 5 
1. 5 
2 . 0  
2.0 
3.0 
3.0 

0 . 5  
0 . 5  
0 . 5  
I. 5 
I.  5 
2 . 0  
2 . 0  
3.0 
0 . 5  
3 . 0  

Bond Over- 
lap. Inches 

I .  5 
1. 5 
I .  0 
I .  0 
0 . 7 5  
0 . 7 5  
0 . 2 5  
0. 2 5  

1. 5 
I. 5 
I .  0 
1. 0 
0 . 7 5  
0 . 7 5  
0 . 2 5  
0. 2 5  

I. 5 
I. 5 
I .  5 
I .  0 
I .  0 
0 . 7 5  
0 . 7 5  
0. 25 
0. 2 5  

I.  5 
I .  5 
1.0 
I.  0 
0 . 7 5  
0 . 7 5  
0 .  25 
0. 25 

I .  5 
I. 0 
0 .75 
0.25 

1. 5 
I. 5 
1. 5 
1.0 
1.0 
0.75 
0.75 
0.25 
0.25 

I. 5 
I.  5 
I.  0 
1.0 
0 . 7 5  
0 . 7 5  
0 . 2 5  
0 . 2 5  

1.5 
I.  5 
1. 5 
I .  0 
1.0 
0.75 
0.75 
0 . 2 5  
I.  5 
0 . 2 5  

-2  cm . (cm H ~ A P I - ~  
( 2 )  Rerun indicated broken bond 
131 Where He flow ra te l  are shown, flow and permea- 

bility data are from Veeco hehum maas speetrorn- 
eter leak defector: He permeabilities where no 
He flow 1s shown are f r o m  the Major A-b 
volumetric apparatw. 

Band Thick- 
ne... Inches 

0.018 
0.018 
0.010 
0.015 
0 . 0 0 6  
0.007 
0.004 
0.004 

0.007 
0.005 
0.003 
0.003 
0.003 
0 . 0 0 3  
0 . O O l  
0 . 0 0 3  

0.004 
0.008 
0.007 
0.011 
0.009 
0.008 
0 . 0 0 b  
0.001 
0.001 

0.007 
0.007 
0.001 
0.003 
0.003 
0.004 
0.003 
0.003 

0.007 
0.OOb 
0 . 0 0 6  
0.005 

0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

0.004 
0.004 
0.006 
0.005 
0.006 
0.005 
0.004 
0.003 

0.007 
0.005 
0.005 
0.005 
0 . 0 0 5  
0 . 0 0 5  
0 .005 
0 . 0 0 5  
0 . 0 0 5  
0 . 0 0 5  

H2 Flow 
cc(STP) /Sec. 

4. 42X10-9 
1. 4bXlO-I0 
2 .  52X10-10 
5.08x10-~0 
2 .  83X10'L0 
1 . 7 2 x 1 0 - ~ ~  
4 . 3 5 x 1 0 - ~ 0  
9.45X10~10 

5.45X10-8 
b . 8 0 ~ 1 0 - 9  
2 .  3bX10~10 
2. ObxIO-~o 
2.29X10710 
b.75X10~10 
5 .  ObXIO-Lo 
3 ,  18X10-Io 
l . l l x l o - 9  

8. 83X10-11 
6.73xIo-7 
3.78xIO-~o 
4. 13X10-L0 
3. 31X10-'D 
3 ,  54X10-9 
I .  72XL0-L0 
2. 99XIO-I' 

l.70XIO-3 

I. b2X10-3 
2 . 2 2 ~ 1 0 4  

I . O Z X I O - ~  
8. m x i o - 6  
5.  14X10-4 
8. 03X10-4 
2. 35X10-b 
b.05X10-b 

1. b9XbY8 
~ I . 3 o x l o - ~  

3.32x10-3 
> I .  30x10-2 

>I. I o x l o - 2  
>I .  30X10-z 

>I. 30X10-z 
b. 3 9 x 1 0 - ~  

.I. 30x10-2 

.I. 30x10-2 

.I. 30x10-2 

I. 62x1(1-~ 

.1.30x10-2 

2. 54X10'3 

5 . 5 7 ~ 1 0 - ~  
>I. 30X10-2 

>I. 30X10'2 

.I. 30X10-2 

H2 Permeability. 
SPUI (Rcrun.1 

5 .  3XIO*~2 

5.1x10-~2 

2.1XlO-I2 

2 .  bXIO-Iz(2. 7XIO-") 
1. 3X10-12(l. 2XIObL2) 
1. 8.K10-12[1. 6x10-'I) 

5.  7X10-12 

3 .  4X10-12(I. 3X1O-I1) 

2.2x10-8 

5 .  4 x l o - ~ ~  
1. 4X10-9 

I .  3 x 1 0 - ~ ~ [ 6 .  4 ~ l O - l ~ )  
I .  8xIo-I~(1.  6x10-11) 
3.  9X10~1014. bXIO-LIl 
3. 9x10-1114. bXIO-lIl 

5.  5XIO-I 
7 . 1 ~ 1 0 - ~  
5 . 2 ~ 1 0 - 4  
I. 4XLO-I 
I. 2x10-6 
4. 7 x W 5  
7. 4x10'5 
b.0X10-8 
1.5X10-7 

b. 8X10'9 
~ 5 . 2 x 1 0 ~ 3  

3.9XIO-4 
>I. 8x10-3 
>I. 0x10-4 

,4.1x10-4 
>I. 3 X K r 3  

2.7X10-5 

>I. 0x10'3 
8 . 2 X 1 0 4  

X. 2x10-3 
b. S X I O - ~  

>I .  5X10'3 
>I.  2x10'3 
>I. LXIO-3 
1 . 1 ~ 1 0 - 5  

,4.2x10-3 
>3. 3x10-4 

He Flow. 
cc(STP)/Sec.  

3.2x10-10 
7 . 0 x 1 0 4 0  
2.7XlO-9 
2 .  4X10-9 
2.7X10-9 
I. 0x10-9 
I .  3x10-9 

3.IxIo-8 

5. oxI0-10 

I.  o x l o - ~ o  

3. lX10-8 

3.  bXIO-lo 

3.9XlO-9 
9. 9X10-9 
6. 3x10-9 

1.3x10-8 
2.3xIO-~o 
2 . 1 ~ 1 0 - 9  
b.4XIO-9 
7. bX10-10 
1 . 1 ~ 1 0 - 9  
7 .  2XlO-lO 
1 . 2 X I 0 4  

I. 2x10-7 
5.0x10-8 
2 . 7 ~ 1 0 - 8  

8.7XlO-9 

4. OXIO-~O 
2:1xio-9 

see note 3 

He Permeabil i ty .  
SPU1 

2.9x10-11 

I .  3x10-10 

3 . 2 x 1 0 - ~ ~  
4.1x10-11 

4.9X10-11 

I.  8X107L0 
I.  8X10-L0 

7 .  1X10-9 
9. 9X10-9 

8. 4XIO-" 
I .  5X10-11 
6. O X ~ O - ~ O  
I.  3X10-9 
2. 7X10-10 

I.  2 X l 0 4 0  

5 . 2 ~ 1 0 - 9  
4. bxIO-ll 
4. 8x10-10 
4,  LXIO-~O 
5.9X10-L1 
b. 4XIO-lI 
5. 5x10-ll 
5. l x l o - ~ o  

2.7X10-8 

6. ZX10-9 
2 . 0 x 1 0 - ~  

I. 3x10-9 

l.7X10-11 
8. 9X10-11 

3 . 1 ~ 1 0 - 5  

2 . 0 X I 0 4  
2 . 0 ~ 1 0 - 5  

1 . 2 ~ 1 0 - 3  

3 . 0 ~ 1 0 - ~  

1.ox10-5 

5.oxlo-3 

3.7X10e4 

2. 3X10-4 
4.2X10-3 
3.1X10-b 
4.0X10-7 

3. 4XIO-' 
4.9XlO-3 

2.5XIO-) 

3.5X10-3 
2. bX10-l 
5.1x10-5 

J . O X I O - ~  
4.3x10-3 

I. 1x10-3 

4.2X10-3 
2. bXIO-) 

2.bXl(1-4 
2.5X10-' 
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TABLE I V  
PERMEABILITY TO LIQUID NITROGEN AND AIR 

To ta 1 Adhesive Permeability 
Material Cell NO. Thickness, in, cc(STP).sec'l.c,,cm-Z, (cm Hg Ap)- l  

Aerobond 1 0 .652  6 . 7  x loo2 
430 

2 0.647 1 . 2  x 10-1 

7 . 0  x lom2 

1 . 4  x 10-l  

JTC-424 1 0.892 1 . 2  x 10-2 2 . 3  x 

2 0.904 4 . 1  10-3 3 . 4  10-3 

3 0  
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